Resilience in Transportation Systems  by Tamvakis, Pavlos & Xenidis, Yiannis
 Procedia - Social and Behavioral Sciences  48 ( 2012 )  3441 – 3450 
1877-0428 © 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of the Programme Committee of the Transport Research 
Arena 2012 
doi: 10.1016/j.sbspro.2012.06.1308 

7UDQVSRUW5HVHDUFK$UHQD±(XURSH
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$EVWUDFW
7KLV SDSHU GLVFXVVHV WKH EDVLF SDUDPHWHUV RI UHVLOLHQFH HQJLQHHULQJ DQG DQDO\VHV WUDQVSRUWDWLRQ
V\VWHPV DW D KLJK OHYHO LQ RUGHU WR LGHQWLI\ WKH NH\ YDULDEOHV IRU D KROLVWLF GHVLJQ RI WUDQVSRUWDWLRQ
V\VWHPV WKDW VKDOO LQFOXGH WKH SDUDPHWHU RI UHVLOLHQFH &ULWLFDO IDFWRUV LQ WKH FRQWH[W RI UHVLOLHQFH
HQJLQHHULQJDUHLGHQWLILHGLQWUDQVSRUWDWLRQV\VWHPVLQRUGHUWRGHWHUPLQHWKHIHDWXUHVDQGSURSHUWLHVWKDW
DUHRISULRUVLJQLILFDQFHWRWKHV\VWHPV¶DELOLW\WRUHFRYHUIURPVXGGHQDQGVHYHUHVWUHVVHVLQDG\QDPLF
HQYLURQPHQW%DVHGRQWKHUHYLHZRIWKHUHVSHFWLYHOLWHUDWXUHWKLVSDSHUFRQFOXGHVZLWKDIUDPHZRUNIRU
UHVLOLHQFHHQJLQHHULQJRIWUDQVSRUWDWLRQV\VWHPV


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,QWURGXFWLRQ
7UDQVSRUWDWLRQ V\VWHPV DQG QHWZRUNV DUH FULWLFDO LQIUDVWUXFWXUH IRU WKH SURVSHULW\ DQG JURZWK RI
FRPPXQLWLHVDWDOOOHYHOVLHORFDOUHJLRQDOQDWLRQDORULQWHUQDWLRQDO$WWKHORFDOOHYHOWKHH[SDQVLRQRI
ODUJHPRGHUQFLWLHVGXHWRWKHLQFUHDVHRISRSXODWLRQIRUFHVIRUWUDQVSRUWDWLRQV\VWHPVWKDWFDQHIIHFWLYHO\
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LQPXOWLQDWLRQDOURXWHVIRUSDVVHQJHUVDQGFDUJRV'XHWRWKHLUFRPSOH[LW\WUDQVSRUWDWLRQV\VWHPVDUHD
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JRDOV LV UHVLOLHQFH HQJLQHHULQJ5HVLOLHQFH UHSUHVHQWV WKH DELOLW\ RI D V\VWHP WR UHDFW IURP VWUHVVHV WKDW
FKDOOHQJH LWV SHUIRUPDQFH 7KLV SDSHU GLVFXVVHV WKH EDVLF SDUDPHWHUV RI UHVLOLHQFH HQJLQHHULQJ DQG
DQDO\VHV WUDQVSRUWDWLRQ V\VWHPV DW D KLJK OHYHO LQ RUGHU WR LGHQWLI\ WKH NH\ YDULDEOHV IRU D UHVLOLHQFH
GHVLJQ RI WKHP 7KURXJK WKH UHYLHZ RI WKH UHVSHFWLYH OLWHUDWXUH WKLV SDSHU LQGLFDWHV WKH VSHFLILF
SDUDPHWHUVDQGIDFWRUVWKDWGHILQHWKHUHVLOLHQFHHQJLQHHULQJRIWUDQVSRUWDWLRQV\VWHPV,QWKLVZD\DILUVW
VWHS LV WDNHQ WRZDUGV D KROLVWLF GHVLJQ RI WUDQVSRUWDWLRQ V\VWHPV WKDW DGGUHVVHV DSDUW IURP FRPSOLDQFH
ZLWK VWUDWHJLF JRDOV DQG QRUPDO UHJXODWLRQV WKH FRQFHSW RI UHVLOLHQFH DQG DFWLYH V\VWHP UHVSRQVH WR
XQH[SHFWHGHYHQWVFKDQJHV DQG LQWHUUXSWLRQV WKDWFKDOOHQJH WKHV\VWHP¶VSHUIRUPDQFHDFFRUGLQJ WR WKH
GHILQHGRSHUDWLRQDOVWDQGDUGV
(VVHQWLDOFKDUDFWHULVWLFVRIUHVLOLHQFH
5HVLOLHQFHHQJLQHHULQJKDVEHFRPHDQ LPSRUWDQW ILHOG UHSUHVHQWLQJDQHZZD\RIXQGHUVWDQGLQJDQG
PDQDJHPHQWDERXWVDIHW\7KLVUHODWLYHO\QHZNQRZOHGJHILHOGKDVLWVRULJLQVWRWKHFRQFHSWVRIULVNDQG
UHOLDELOLW\ HQKDQFHG ZLWK SULQFLSOHV DQG LQVLJKW LQWR V\VWHPV HQJLQHHULQJ RUJDQL]DWLRQDO WKHRU\
SHUIRUPDQFHDQGKXPDQHUURUPHDVXUHPHQWV:RRGVDQG:UHDWKDOO7KHGLIIHUHQFHRIUHVLOLHQFH
HQJLQHHULQJ IURP WKH WUDGLWLRQDO HVWDEOLVKHG ULVN WKHRU\ DSSURDFKHV LV LQ WKH SHUFHSWLRQ RI ULVN
PDQDJHPHQWZKLFKLVEDVHGRQWKHGHYHORSPHQWRIWKHV\VWHP¶VDELOLW\WRGHILQHFULWLFDOIXQFWLRQVDQGWR
FUHDWHSURFHVVHV WKDW DUH UREXVW DQG IOH[LEOH DQGJHQHUDWH D UHVLOLHQW V\VWHP 'HNNHU HW DO 7KH
GHILQLWLRQRIWKHEDVLFFRQFHSWVDQGSULQFLSOHVRIUHVLOLHQFHHQJLQHHULQJKDVEHHQDGLIILFXOWWDVNZKHUHDV
6WHHQDQG$YHQPHQWLRQPDQ\UHVHDUFKHUVFRQWULEXWHGLQWKHUHFHQW\HDUV
1HPHWK FRQVLGHUHG UHVLOLHQFHDVD V\VWHP
VSURSHUW\ WKDW LV LGHQWLILDEOHZKHQHYHU WKH V\VWHP
UHVSRQGV WR GHPDQG WKURXJK WLPH +H VXJJHVWHG WKDW WKH V\VWHP¶V FDSDFLW\ WR UHVSRQG VKRXOG EH
PHDVXUHG LQ FRQGLWLRQV D RI ERWK QRUPDO DQG VXGGHQO\ LQFUHDVHG GHPDQG DQG E XSRQ V\VWHP¶V
UHVWUXFWXULQJ GXULQJ QRUPDO RSHUDWLRQ UHTXLUHG LQ RUGHU WR HQKDQFH TXDOLW\ WR FRQIURQW QHZ DQG
XQDQWLFLSDWHG FKDQJHV 7KHPHDVXUHPHQW RI UHVLOLHQFH DQG WKHPRGLILFDWLRQ RI WKH V\VWHP WRZDUGV WKH
VDWLVIDFWLRQRIIXWXUHGHPDQGVLVDFFRUGLQJWR1HPHWKWKHFRQWHQWRIUHVLOLHQFHHQJLQHHULQJ
6WHHQ DQG $YHQ  EDVHG WKHLU FRQFHSWXDO IUDPHZRUN IRU UHVLOLHQFH HQJLQHHULQJ LQ VSHFLILF
LQWHUSUHWDWLRQVRIWUDGLWLRQDOFRQFHSWVVXFKDVULVNXQFHUWDLQW\DQGYXOQHUDELOLW\
'HNNHU HW DO  SURSRVHG WKH IROORZLQJZRUNLQJ GHILQLWLRQ RI UHVLOLHQFH ³$ UHVLOLHQW V\VWHP LV
DEOH WR DGMXVW LWV IXQFWLRQLQJ SULRU WR GXULQJ RU IROORZLQJ FKDQJHV DQG GLVWXUEDQFHV VR WKDW LW FDQ
FRQWLQXHWRSHUIRUPDVUHTXLUHGDIWHUDGLVUXSWLRQRUDPDMRUPLVKDSDQGLQWKHSUHVHQFHRIFRQWLQXRXV
VWUHVVHV¶¶7KHGHVLJQLQWHUPVRIIXQFWLRQVDQGUHVRXUFHVRIDV\VWHPZLWKDQHQKDQFHGDELOLW\WRDGMXVW
WRDG\QDPLFHQYLURQPHQW LQRUGHU WR WLPHO\HQVXUHHIIHFWLYH IXQFWLRQLQJDQG UHVSRQVH WR VWUHVVHVDQG
GLVWXUEDQFHVVXSHUVHGHVWKHFRQWHQWRIFXUUHQWDSSURDFKHVLQULVNPDQDJHPHQW%DVHGRQWKHLUGHILQLWLRQ
'HNNHUHW DO GHVFULEHFHUWDLQGHPDQGV IURP WKHGHVLJQLQJRI UHVLOLHQW V\VWHPV7KHVHDUHD WR
HQVXUHIRUWKHV\VWHPDSSURSULDWHDGMXVWPHQWIXQFWLRQVEWRHQVXUHIRUWKHV\VWHPFRQWLQXRXVIHHGEDFN
WKDW LV FULWLFDO IRU WKH LQWHUSUHWDWLRQ RI LQKHUHQW DQG H[WHUQDO FRQGLWLRQV F WR HQVXUH IRU WKH V\VWHP D
FHUWDLQ OHYHORIDELOLW\ WR IRUHFDVW DQGG WRDGGUHVV WR WKH V\VWHPSDVWH[SHULHQFH LQD OHVVRQVOHDUQHG
PRGH
7KH FULWLFDO FRQGLWLRQ LQ DSSO\LQJ UHVLOLHQFH HQJLQHHULQJ LV WKH FRQWLQXRXV DFNQRZOHGJHPHQW RI
XQFHUWDLQW\ GXH WR WKH UHFRJQLWLRQ RI WKH G\QDPLF FKDUDFWHULVWLFV RI WKH V\VWHP¶V HQYLURQPHQW DQG
IXUWKHUPRUHWKHFRQVWDQWDQWLFLSDWLRQRIWKHV\VWHP¶VSRWHQWLDOIDLOXUH:RRGVDQG:UHDWKDOO7KH
PHDQLQJ RI IDLOXUH LQ UHVLOLHQFH HQJLQHHULQJ LV WKH ODFN RI WKH LQGLVSHQVDEOH DGMXVWPHQWV ± DGDSWDWLRQV
UHTXLUHGWRRYHUFRPHDQ\SRVVLEOHFRPSOH[LW\UDWKHUWKDQWKHGLVUXSWLRQVPLVKDSVRUFRQWLQXRXVLQWHUQDO
RUH[WHUQDOVWUHVVHVGXULQJWKHV\VWHP¶VQRUPDOIXQFWLRQ'HNNHUHWDO
7KH UDLVLQJ LQWHUHVW IRU UHVLOLHQFH HQJLQHHULQJ DQG WKH UDSLG DSSOLFDWLRQ RI WKH UHVSHFWLYH WKHRUHWLFDO
EDVLVWRVHYHUDODSSOLFDWLRQFDVHVDOWHUVWKHWUDGLWLRQDODSSURDFKRIV\VWHP¶VULVNPDQDJHPHQW7KHUHIRUH
DOOV\VWHPVLQFOXGLQJWUDQVSRUWDWLRQRQHVQHHGWREHUHH[DPLQHGLQWKHOLJKWRIWKHVHDGYDQFHPHQWV
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(VVHQWLDOVRI7UDQVSRUWDWLRQV\VWHPV
$V\VWHPLV³DJURXSRILQWHUGHSHQGHQWDQGLQWHUUHODWHGFRPSRQHQWVWKDWIRUPDFRPSOH[DQGXQLILHG
ZKROH LQWHQGHG WR VHUYH VRPH SXUSRVH WKURXJK WKH SHUIRUPDQFH RI LWV LQWHUDFWLQJ SDUWV´ 0H\HU DQG
0LOOHU,QWKHFDVHRIWUDQVSRUWDWLRQV\VWHPVWKHFRPSOH[LW\WKDWULVHVGXHWRWKHLQWHUGHSHQGHQFLHV
EHWZHHQWKHJURXSFRPSRQHQWVPD\EHYHU\VLJQLILFDQWGHSHQGLQJRQWKHVL]HRIWKHLQIUDVWUXFWXUHDQGWKH
GHJUHH RI PXOWLPRGDOLW\ LQ SDVVHQJHUV DQG IUHLJKWV WUDQVSRUWDWLRQ 7KHVH LQWHUGHSHQGHQFLHV DUH
LGHQWLILDEOHDQGRSWLPDOO\PDQDJHDEOHE\LQWHUGLVFLSOLQDU\WHDPVWKDWKDYHDQLQGHSWKXQGHUVWDQGLQJRI
WKHWUDQVSRUWDWLRQV\VWHPV¶VWUXFWXUHDQGRSHUDWLRQV0DQKHLP
7UDQVSRUWDWLRQV\VWHP¶VFRPSRQHQWV
7KH FRPSRQHQWV RI WUDQVSRUWDWLRQ V\VWHPVPD\ EH GLYLGHG LQWR WZR GLVFUHWH FDWHJRULHV QDPHO\ WKH
LQWHUQDODQGWKHH[WHUQDOFDWHJRU\
7KHILUVWFDWHJRU\LHWKHLQWHUQDOLQFOXGHVWKRVHFRPSRQHQWVWKDWEHORQJWRWKHSK\VLFDOVWUXFWXUHRI
WKHV\VWHP%DVHGRQWKHDQDO\VLVRI6XVVPDQ)LJXUHJUDSKLFDOO\GHSLFWVDIXUWKHUFODVVLILFDWLRQ
RIWKHVHFRPSRQHQWVWRVSHFLILFVXEFDWHJRULHVWKDWHDFKRQHKDVDSDUWLFXODUFRQWHQW
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)LJXUH7UDQVSRUWDWLRQV\VWHP¶VSK\VLFDOFRPSRQHQWV
x ,QIUDVWUXFWXUH FRPSULVHV WKH QHFHVVDU\ VWUXFWXUHV RI D WUDQVSRUWDWLRQ V\VWHP WKURXJK ZKLFK DOO WKH
V\VWHP¶VRSHUDWLRQVDUHHQVXUHG([DPSOHVRIVXFKVWUXFWXUHVDUHURDGVHJSHGHVWULDQFURVVLQJVDLU
FRUULGRUVHWFDQGWHUPLQDOVWDWLRQVHJDLUSRUWVEXVVWDWLRQVHWF
x 9HKLFOHVFRPSULVHWKHPHDQVRIWUDQVSRUWDWLRQLHDXWRPRELOHVUDLOORFRPRWLYHVDLUSODQHVDQGVKLSV
7KHYDULRXVWHFKQLFDOFKDUDFWHULVWLFVDQGSURSHUWLHVRIYHKLFOHVFRQVWLWXWHWKHPDFULWLFDOSDUDPHWHULQ
WKHGHVLJQDQGRSHUDWLRQRIDWUDQVSRUWDWLRQV\VWHP
x (TXLSPHQW FRPSULVHV WKH PDFKLQHU\ WKDW RSHUDWHV LQ D FRPSOHPHQWDU\ ZD\ WR LQIUDVWUXFWXUH LQ D
WUDQVSRUWDWLRQ V\VWHP ([DPSOHV RI HTXLSPHQW DUH ORDGLQJ FUDQHV UDLOURDG WUDFN PDLQWHQDQFH
HTXLSPHQWHWF
x 3RZHU V\VWHPV FRPSULVH DOO JHQHUDWRUV RI SRZHU WKDW PD\ EH XVHG IRU WKH RSHUDWLRQV RI WKH
WUDQVSRUWDWLRQV\VWHP7KLVSRZHUPD\EHJHQHUDWHGIURPOLYLQJRUJDQLVPVKXPDQDQLPDOVQDWXUDO
VRXUFHVHJZLQGVXQZDWHUHWFDQGHQJLQHVHJGLHVHOK\EULGHQJLQHVHOHFWULFDOHQJLQHVHWF
x )XHO FRPSULVHV DQ\ UDZPDWHULDO WKDW FDQEHXVHGE\SRZHU V\VWHPV WRSURGXFH HQHUJ\ HJ SHWURO
HOHFWULFLW\UHQHZDEOHIXHOVHWF
x &RQWUROFRPPXQLFDWLRQVORFDWLRQV\VWHPVFRPSULVHWKHQHWZRUNLQJRIWRROVDQGDSSOLHGPHWKRGVWKDW
IDFLOLWDWHFULWLFDORSHUDWLRQVRIDWUDQVSRUWDWLRQV\VWHPVXFKDVVDIHW\WUDIILFFRQWURODQGLQIRUPDWLRQ
SURYLVLRQRSHUDWLRQV
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7KH VHFRQG EURDG FDWHJRU\ RI WUDQVSRUWDWLRQ V\VWHPV¶ FRPSRQHQWV LQFOXGHV WKRVH WKDW ZKLOH EHLQJ
H[WHUQDO WR WKH V\VWHP WKH\ VLJQLILFDQWO\ DIIHFW LWV RSHUDWLRQV DQG HIILFLHQF\7KH QDWXUH RI WKLV VHW RI
FRPSRQHQWVVLJQLILFDQWO\GLIIHUVIURPWKRVHLQFOXGHGLQWKHLQWHUQDOFDWHJRU\LQWKLVFDVHWKHFRPSRQHQWV
UHIHU WR WKH PDQDJHULDO IUDPHZRUN DQG PRUH VSHFLILF WR WKH VHYHUDO HQWLWLHV ZKLFK FRQVWLWXWH WKH
JRYHUQDQFHIUDPHZRUNRIWKHWUDQVSRUWDWLRQV\VWHP)LJXUHJUDSKLFDOO\GHSLFWVDIXUWKHUFODVVLILFDWLRQ
RIWKHVHFRPSRQHQWVWRVSHFLILFVXEFDWHJRULHVWKDWHDFKRQHKDVDSDUWLFXODUFRQWHQW0H\HUDQG0LOOHU

x *RYHUQPHQW LV WKHILUVWH[WHUQDOFRPSRQHQW UHODWHG WRDYDULHW\RI LVVXHV WKDWDUHFRQQHFWHGZLWK WKH
V\VWHP¶VFRQVWUXFWLRQDQGRSHUDWLRQ7KHVHLVVXHVUDQJHIURPWKHSODQQLQJDQGWKHGHFLVLRQVWRH[SDQG
RUGHYHORSQHZWUDQVSRUWDWLRQV\VWHPVWRWKHUHJXODWLRQRIVDIHW\DQGILQDQFLDOLVVXHV
x &XVWRPHU LV WKHSHUVRQRURUJDQL]DWLRQ WKDWXVHVZLWKD IHH WKH V\VWHP¶V VHUYLFHV)URPDOO W\SHVRI
LQIUDVWUXFWXUH WUDQVSRUWDWLRQ V\VWHPV DUH WKH PRVW UHPXQHUDWLYH VLQFH WKH GHPDQG IRU IUHLJKW DQG
SDVVHQJHU WUDQVSRUWDWLRQ VHUYLFHV DOWKRXJK IOXFWXDWLQJ LV FRQVWDQW DQG VLJQLILFDQW 7KHUHIRUH WKH
VDWLVIDFWLRQ RI WKH FXVWRPHU¶V QHHGV LV IXQGDPHQWDO WR WKH SURILWDEOH RSHUDWLRQ RI WUDQVSRUWDWLRQ
V\VWHPV
x *HQHUDO SXEOLF LV WKH VRFLHW\ WKDW LV DIIHFWHG E\ WKH H[LVWHQFH RI D WUDQVSRUWDWLRQ V\VWHP $ PRUH
FRPSUHKHQVLYHJURXSWKDQWKHFXVWRPHUVWKHJHQHUDOSXEOLFLQFOXGHVDOVRWKRVHSHRSOHZKRPD\QRW
XVHWKHV\VWHP¶VVHUYLFHVKRZHYHUWKHLUTXDOLW\RIOLIHDQGQHHGVDUHVLJQLILFDQWO\DIIHFWHGE\LWHJ
WKHHQYLURQPHQWDOSROOXWLRQFDXVHGIURPDWUDQVSRUWDWLRQV\VWHPHWF
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)LJXUH([WHUQDOFRPSRQHQWVRIWUDQVSRUWDWLRQV\VWHPV
x 6XSSO\ LQGXVWU\ LV WKH SURYLGHU RI WKH YDULRXV VHUYLFH HTXLSPHQW DQG PDWHULDO UHTXLUHG IRU WKH
GHYHORSPHQWDQGRSHUDWLRQRI WUDQVSRUWDWLRQ V\VWHPV7KHVXSSO\ LQGXVWU\ LQFOXGHVDYHKLFOHV HJ
DXWRPRELOHV DLUSODQHV WUDLQ ORFRPRWLYHV HWF E FRQWURO WHFKQRORJLHV HJ VHQVRUV PRQLWRULQJ
GHYLFHVHWFHWF
x )LQDQFLDO FRPPXQLW\ LV WKH WRWDO RI WKRVH ZLWK HFRQRPLF DFWLYLWLHV LQ WKH DUHD DIIHFWHG IURP D
WUDQVSRUWDWLRQ V\VWHP 'HSHQGLQJ RQ WKH FKDUDFWHULVWLFV RI DQ\ SDUWLFXODU V\VWHP LQ KDQG WKLV FDQ
FRQWULEXWHWRRUHYHQGHYHORSDZKROHQHZHFRQRPLFHQYLURQPHQWHJMREVRIIHUWUDGHHWFUHODWHG
WRWKHV\VWHP
x &RPSHWLWRULVDQ\EXVLQHVVHQWLW\ZLWKHFRQRPLFDFWLYLWLHVUHODWHGWRWKHWUDQVSRUWDWLRQV\VWHPLQWKH
OLJKW RI PDUNHW FRPSHWLWLRQ 7KHUH PD\ EH VHYHUDO W\SHV RI FRPSHWLWRUV VXFK DV LQWUDPRGDO HJ
DLUOLQHFRPSDQLHVLQWHUPRGDOHJUDLOYVWUXFNFRPSDQLHVHWF
7KHDERYHPHQWLRQHGFRPSRQHQWVDUHLQKHUHQWWRDQ\W\SHRIWUDQVSRUWDWLRQV\VWHPUHJDUGOHVVRIWKH
PRGHRIWUDQVSRUWDWLRQWKHUHIRUHWKH\FRQVWLWXWHDJHQHUDOO\DSSOLFDEOHVHWRIYDULDEOHVIRUDQDO\]LQJWKH
HIILFLHQF\RIDQ\V\VWHPXQGHUFRQVLGHUDWLRQ+RZHYHUWKHGLVWLQFWFKDUDFWHULVWLFVLGHQWLILHGIRUHDFKRQH
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RIWKHFRPSRQHQWVLHWKH³YDOXHVRIWKHYDULDEOHV´GHSHQGVLJQLILFDQWO\RQWKHWUDQVSRUWDWLRQPRGHLQ
WKHV\VWHP
7UDQVSRUWDWLRQPRGHV
7UDQVSRUWDWLRQ V\VWHPV FRPSULVH RQH RU VHYHUDO WUDQVSRUWDWLRQ PRGHV LH PRGHV RI WUDYHOOLQJ DQG
WUDQVIHUULQJJRRGV(DFKPRGHUHWDLQVYDULRXVSURSHUWLHVDQGIHDWXUHV WKDWVXEVWDQWLDOO\GLIIHUHQWLDWH WKH
DYDLODEOH RSWLRQV IRU WUDQVSRUWDWLRQ RQ D SHU FDVH EDVLV $ WUDGLWLRQDO DQG FOHDUFXW GLVWLQFWLRQ RI
WUDQVSRUWDWLRQ PRGHV LV WR ODQG ZDWHU DQG DLU WUDQVSRUWDWLRQV 5RGULJXH HW DO  SURYLGH D
FRQGHQVHGGHVFULSWLRQRIWKHLPSDFWDQGWKHOLPLWDWLRQVRIHDFKRQHRIWKHVHWUDQVSRUWDWLRQPRGHVGXHWR
WKHVSHFLILFIHDWXUHVWKH\SUHVHQW
x 5RDG WUDQVSRUWDWLRQ7KLV LV WKHGRPLQDQWPRGHERWKIRU IUHLJKW WUDQVIHUDQG LQGLYLGXDOVPRELOLW\ ,W
SUHVHQWV WKHJUHDWHUDGDSWDELOLW\ WRJHRPRUSKRORJLFDOFRQGLWLRQV VLQFHFXUUHQWFRQVWUXFWLRQPHWKRGV
DOORZ IRU WKH RYHUFRPLQJ RI WKH PRVW VHYHUH SK\VLFDO FRQVWUDLQWV 5RDG LQIUDVWUXFWXUH FDQ EH
FRQVLGHUHG DV WKHPRUH WUDGLWLRQDO WUDQVSRUWDWLRQPRGH QRW RQO\ EHFDXVH RI LWV JUHDWHVW KLVWRU\ EXW
DOVR GXH WR WKH ORZ UDWHV RI LQIUDVWUXFWXUH UHQHZDO DQG WKH UHSHWLWLYHQHVV RI ZHOONQRZQ SDWWHUQV
HVWDEOLVKHG LQ WKH SDVW IRU WKH GHYHORSPHQW RI PRGHUQ URDGV +RZHYHU WHFKQRORJLFDO HYROXWLRQ RI
YHKLFOHV HQYLURQPHQWDO FRQFHUQV JOREDOL]DWLRQ DQG XUEDQL]DWLRQ DUH FULWLFDO IDFWRUV WKDW QHHG WR EH
DGGUHVVHG LQ URDG WUDQVSRUWDWLRQ V\VWHPV LQ RUGHU WR FRQIURQW ZLWK KLJK PDLQWHQDQFH FRVWV ORZ
VHUYLFHDELOLW\DQGORZTXDOLW\
x 5DLO WUDQVSRUWDWLRQ 7KLV LV WKH VXSSOHPHQWDU\ WUDQVSRUWDWLRQ PRGH WR WKH SUHYLRXV RQH IRU ODQG
WUDQVSRUWDWLRQ ,W LVYHU\UHOLDEOH LQ WHUPVRIPHHWLQJVFKHGXOHVDQG LWRIIHUV WKHKLJKHVWFDSDFLW\ IRU
IUHLJKW WUDQVSRUW RQ WKH ODQG5DLO UHTXLUHV DOVR OHVV VSDFH FRQVXPSWLRQ+RZHYHU LW LV YHU\PXFK
FRQVWUDLQHG E\ ODQG PRUSKRORJ\ JUDGLHQWV WXUQV LW SUHVHQWV ORZ IOH[LELOLW\ LQ WHUPV RI VSDWLDO
FRYHUDJH DQG VLJQLILFDQW SUREOHPV LQ LQWHJUDWLRQ IRU WHFKQLFDO GLIIHUHQW JDXJHV YDULRXV RSHUDWLRQ
VWDQGDUGV HWF DQG PDQDJHULDO GLVWLQFW PDUNHW DUHDV IRU UDLOZD\ FRPSDQLHV ULJLG VHUYLFHV HWF
UHDVRQV
x 0DULWLPH WUDQVSRUWDWLRQ7KLV LV WKHPRVWHIIHFWLYHPRGH IRU IUHLJKW WUDQVSRUW LQ ORQJGLVWDQFHV7KH
FDSDFLW\RIPDULWLPHIUHLJKWWUDQVSRUWDWLRQIDUH[FHHGVWKHUHVSHFWLYHRIDQ\RWKHUWUDQVSRUWDWLRQPRGH
LQWHUPVRIYROXPHFRYHUDUHDDQGFRQWLQXLW\LQRSHUDWLRQ+RZHYHULQODQGPDULWLPHWUDQVSRUWDWLRQLV
FRPSOHWHO\ GHSHQGHQW RQ WKH PRUSKRORJLFDO FRQVWUDLQWV DQG HQYLURQPHQWDO SKHQRPHQD ZKLOH LWV
LPSDFW RQ WKH HQYLURQPHQW DQG VRFLDO DQG HFRQRPLF DFWLYLWLHV LV YHU\ VLJQLILFDQW 2FHDQ PDULWLPH
WUDQVSRUWDWLRQLVOHVVSURQHWRREVWDFOHVDQGGLVFRQWLQXLWLHV
x $LUWUDQVSRUWDWLRQ7KLVLVWKHWUDQVSRUWDWLRQPRGHZLWKWKHVKRUWHVWKLVWRU\DQGWKHIDVWHVWHYROXWLRQ,W
LVSULPDULO\DPRGHIRUWUDQVSRUWDWLRQRISHRSOHKDYLQJDQLPSDFWWRHFRQRPLFDFWLYLWLHVUHODWHGWR
VHUYLFHV,WLVKLJKO\UHJXODWHGDQGLWKDVWKHSRWHQWLDOIRUIXUWKHUGHYHORSPHQWSURYLGHGWKHUHPRYDORI
WKHWZRPDMRUFRQVWUDLQWVQDPHO\HQHUJ\FRQVXPSWLRQDQGVHFXULW\2WKHUFULWLFDOFRQVWUDLQWVRIWKLV
PRGHDUHVSDFHUHTXLUHPHQWVDQGHQYLURQPHQWDOFRQGLWLRQV
7KHDERYHPHQWLRQHGWUDQVSRUWDWLRQPRGHVRSHUDWHERWKLQDFRPSHWLWLYHRUDFRPSOHPHQWDU\ZD\,WLV
D PDWWHU RI RSWLRQV DQG FRQVWUDLQWV DQG FRVWV DQG EHQHILWV WR GHFLGH XSRQ WKH HIIHFWLYHQHVV RI D
WUDQVSRUWDWLRQ V\VWHPZLWK UHJDUG WR WKHPDLQ REMHFWLYHV LW SXUVXHV WR DFKLHYH VXFK DV FRVW UHGXFWLRQ
DFFHOHUDWLRQ DQG VDIH WUDQVSRUWDWLRQ RI IUHLJKW DQG SHRSOH +RZHYHU LW LV HYLGHQW WKDW WUDQVSRUWDWLRQ
V\VWHPV WKDW LQYROYHPRUH WKDQRQHPRGHDUHSURQH WR WKHFRQVWUDLQWV WKDWHDFKPRGH LQGLYLGXDOO\KDV
SOXVWKHFRQVWUDLQWVWKDWUHVXOWIURPWKHLQWHJUDWLRQRIWKHGLIIHUHQWPRGHV
5HVLOLHQFHHQJLQHHULQJLQWUDQVSRUWDWLRQV\VWHPV
5HVLOLHQFHHQJLQHHULQJDLPVDWVWXG\LQJDQGLQWURGXFLQJLQWRWKHGHVLJQWKRVHSDUDPHWHUVWKDWHQVXUH
WKH V\VWHP¶VDELOLW\ WRRSHUDWHDW DFHUWDLQ OHYHOERWK LQQRUPDODQGH[WUHPHFRQGLWLRQV ,Q WKHFDVHRI
RFFXUUHQFH RI XQDQWLFLSDWHG HYHQWV UHVLOLHQFH RI WKH V\VWHP HQDEOHV LW WR UHVSRQG LQ RUGHU WR UHJDLQ
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EDODQFH DQG UHWXUQ WR QRUPDO RSHUDWLRQ 7KH FULWLFDO FRQFHSWXDO GLIIHUHQFH EHWZHHQ WUDGLWLRQDO DQG
UHVLOLHQFHHQJLQHHULQJLV WKDW WKHODWWHUFRQVLGHUVWKDW WKHV\VWHP¶VUREXVWQHVVGHSHQGVRQLWVFDSDFLW\WR
DGMXVW LWV IXQFWLRQLQJ DJDLQVW XQH[SHFWHG GLVWXUEDQFHV7KLV DSSURDFK LV IXQGDPHQWDOO\ GLIIHUHQW WR WKH
FRQFHSW RI VWUHQJWKHQLQJ WKH V\VWHP¶V GXUDELOLW\ LQ RUGHU WR EHDU H[WUHPH ORDGV ZKHQ WKH\ RFFXU
5HVLOLHQFHHQJLQHHULQJLQFRUSRUDWHVDQGH[SORLWVWKHV\VWHP¶VG\QDPLFVZKLOHWUDGLWLRQDOHQJLQHHULQJLVD
VWDWLFDSSURDFK
7UDQVSRUWDWLRQ V\VWHPV DUH FKDUDFWHUL]HG E\ FRPSOH[ DQG QRQOLQHDU UHODWLRQV DQG LQWHUGHSHQGHQFLHV
EHWZHHQ WKHLU VHYHUDO LQWHUQDO DQG H[WHUQDO FRPSRQHQWV )XUWKHUPRUH WKH FRQWH[W RI VXVWDLQDEOH
GHYHORSPHQW WKDW JRYHUQV WKH RSHUDWLRQ RI WUDQVSRUWDWLRQ V\VWHPV LQFUHDVHV WKHLU FRPSOH[LW\ DQG WKH
UHTXLUHPHQWIRUVXVWDLQLQJDG\QDPLFHTXLOLEULXPEHWZHHQWKHV\VWHP¶VFRPSRQHQWV4XUHVKLDQG+XDSX

)URPWKHDERYHLWLVLQIHUUHGWKDWWUDQVSRUWDWLRQV\VWHPVDUHDSULPDU\ILHOGRIDSSOLFDWLRQRIUHVLOLHQFH
HQJLQHHULQJ$VWUXFWXUHGIUDPHZRUNIRUVXFKDQDSSOLFDWLRQLVSUHVHQWHGLQWKHIROORZLQJVXEVHFWLRQV
$QDO\VLVSURFHVVIRUUHVLOLHQFHHQJLQHHULQJLQWUDQVSRUWDWLRQV\VWHPV
5HVLOLHQFHHQJLQHHULQJIRUDWUDQVSRUWDWLRQV\VWHPLQLWLDWHVIURPWKHGHILQLWLRQRIWKHV\VWHPLHIURP
WKH LGHQWLILFDWLRQ RI WKH FRPSRQHQWV DQG WKH VXEV\VWHPV WKDW FRQVWLWXWH LW 7KH SUHFHGHG DQDO\VLV LQ
VHFWLRQLQGLFDWHVWKHWD[RQRP\RIWKHVHFRPSRQHQWVZKLFKLVIXUWKHUFODULILHGRQDSHUFDVHEDVLV7KH
LGHQWLILFDWLRQRIVXEV\VWHPVPD\UHIHUWRDLQWHJUDOSDUWVRIWKHWUDQVSRUWDWLRQV\VWHPWKDWFROOHFWLYHO\
IRUPLW HJ LQIUDVWUXFWXUHVXEV\VWHPDQGSRZHUVXEV\VWHPDQGEQHWZRUNRI WUDQVSRUWDWLRQV\VWHPV
RSHUDWLQJZLWKGLIIHUHQWWUDQVSRUWDWLRQPRGHVHJSRUWVURDGVDQGDLUSRUWV
2QFHWKHV\VWHPLVGHVFULEHGWKHQLWVVHUYLFHOHYHOLVHYDOXDWHG7KHVHUYLFHOHYHOLVDWUDQVSRUWDWLRQ
V\VWHP¶VSURSHUW\WKDWGHVFULEHVWKHSURILOHRIWKHPRYHPHQWVHJUHDVRQQXPEHUHWF WKDWDUHWDNLQJ
SODFH LQ WKH V\VWHP 7KHVH PRYHPHQWV FDQ EH JURXSHG LQ FHUWDLQ SURILOHV ZLWK WKH FULWHULRQ RI
FRUUHVSRQGHQFH WR LQGLYLGXDO DQG VRFLDO GHPDQGV WKH 7UDQVSRUWDWLRQ 'HPDQG 0DQDJHPHQW 7'0
(QF\FORSHGLD SURYLGHV WKH H[DPSOHRI WKH%DVLF0RELOLW\ DFWLYLWLHV JURXS WKDW LQFOXGHV DPRQJ
RWKHUV WKH PRYHPHQWV IRU D HPHUJHQF\ UHVSRQVH DFWLRQV HJ DPEXODQFH ILUH GHSDUWPHQW HWF E
SXEOLFVHUYLFHVHJXWLOLW\UHSDLUDQGPDLQWHQDQFHJDUEDJHFROOHFWLRQHWFFWRSSULRULW\HJPHGLFDO
DSSRLQWPHQWV IRRG VXSSOLHV HWF DQG ORZHU SULRULW\ HJ VRFLDO WULSV UHFUHDWLRQDO VKRSSLQJ HWF
SHUVRQDOQHHGV
:KHQWKHV\VWHPLVFRPSOHWHO\GHILQHGLQWHUPVRISK\VLFDOVWUXFWXUHDQGRSHUDWLRQDOOHYHOWKHVHYHUDO
ZHDNQHVVHVLWPD\SUHVHQWQHHGWREHLGHQWLILHG7KHVHZHDNQHVVHVFRXSOHGZLWKWKHVXGGHQVWUHVVHVWKDW
WKHV\VWHPPD\VXIIHUZLOOFDXVHIDLOXUHVDQGLQHIILFLHQFLHVLQRSHUDWLRQVDQGWKLVLVWKHUHDVRQZK\WKH
SURSHU DQG WLPHO\ LGHQWLILFDWLRQRI WKH V\VWHP¶VYXOQHUDELOLWLHV LV HVVHQWLDO7KHZHDNQHVVHVPD\EHRI
GLIIHUHQW QDWXUH VXFK DV D GHILFLHQFLHV LQ FRQVWUXFWLRQ E LPSURSHU GHVLJQ RI RSHUDWLRQV F ODFN RI
SURYLVLRQVIRUH[WUHPHFRQGLWLRQVGGLVFRQWLQXLWLHVHWF
(YDOXDWLRQSURFHVVIRUUHVLOLHQFHHQJLQHHULQJLQWUDQVSRUWDWLRQV\VWHPV
7KHGHWDLOHGDQDO\VLVRIWKHV\VWHPDVGHVFULEHGLQWKHSUHYLRXVVHFWLRQSURYLGHVWKHEDFNJURXQGIRU
WKHSURFHVVRIHYDOXDWLQJLWVUHVLOLHQFH7KLVSURFHVVFDQEHSHUIRUPHGLQWZRVWHSV7KHILUVWVWHSLVWKH
FROOHFWLRQRI DSSURSULDWHGDWD FRQFHUQLQJ D WKHSURSHUWLHV RI HDFK LGHQWLILHGYDULDEOH LH FRPSRQHQWV
DQG RSHUDWLRQV RI WKH V\VWHP E WKH LQWHUGHSHQGHQFLHV EHWZHHQ WKH YDULDEOHV F WKH SUREDELOLWLHV DQG
LPSDFWVRISRWHQWLDOHYHQWVZLWKDGYHUVHHIIHFWWRWKHV\VWHP7KHVHGDWDPXVWEHTXDQWLILHGLQRUGHUWR
IDFLOLWDWHFOHDUDQGDFFXUDWHDVVHVVPHQWVWKDWZLOOEHXVHIXOLQWKHEHQFKPDUNLQJRIOHYHOVRIUHVLOLHQFHIRU
WKHV\VWHPDVZHOODVIRUWKHHVWLPDWLRQRIWKHV\VWHP¶VGHYLDWLRQVIURPWKHVHOHYHOV6ULQLYDVDQ
7KHVHFRQGVWHSRIWKHSURFHVVIRUHYDOXDWLQJDWUDQVSRUWDWLRQV\VWHP¶VUHVLOLHQFHLVWKHDSSOLFDWLRQRI
WKH DSSURSULDWH PHWKRGRORJ\ 7KHUH DUH DOUHDG\ VHYHUDO PHWKRGRORJLFDO DSSURDFKHV LQ WKH OLWHUDWXUH
ZKLFK KRZHYHU DUH SDUWLDO TXDOLWDWLYH RU VHPLTXDQWLWDWLYH ZKLOH D IHZ RI WKHP DUH WHVWHG LQ
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WUDQVSRUWDWLRQV\VWHPV&R[HWDO'RUEULW]/HXHWDO5HQVFKOHUHWDO&KDQJ
DQG0LOHV0LOHVDQG&KDQJ%UXQHDXHWDO0HQGRQFDKLJKOLJKWVWKHGLIILFXOW\
LQ DGRSWLQJ D VLQJOH FRPSUHKHQVLYH DSSURDFK LQ HYDOXDWLQJ D V\VWHP¶V UHVLOLHQFH ZKLOH 'HNNHU HW DO
 HPSKDVL]H RQ WKH QHHG RI G\QDPLF IHHGEDFN RI LQIRUPDWLRQ LQ WKLV SURFHVVPDLQO\ GXH WR WKH
VWURQJ LQWHUDFWLRQV EHWZHHQ WKH V\VWHP¶V YDULDEOHV LQWHUQDO DQG WKRVH EHWZHHQ WKH V\VWHP DQG WKH
HQYLURQPHQWH[WHUQDO6HYHUDOLGHDVPLJKWEHFRQVLGHUHGIRUWKHPDSSLQJRIWKHVHLQWHUDFWLRQVLQFOXGLQJ
VRPH WKDW PD\ EH JHQHUDWHG RXWVLGH WKH ILHOG RI UHVLOLHQFH HQJLQHHULQJ HJ .DOODQW]LV HW DO 
SURYLGHGWKHWXQLQJWRWKHJRDOWKURXJKDSSURSULDWHDGMXVWPHQWV
7KH FRQFHSWXDO IUDPHZRUN SURSRVHG LQ WKLV SDSHU IRU HYDOXDWLQJ WKH UHVLOLHQFH LQ WUDQVSRUWDWLRQ
V\VWHPVVKDOOXWLOL]HWKHQRWLRQRIHQWURS\DVLQWURGXFHGE\.HQQHWK%DLOH\LQDQGDSSOLHGZLGHO\LQ
DYDULHW\RIV\VWHPVZLWKGLIIHUHQWFKDUDFWHULVWLFV(LWKHUFRQVLGHUHGLQWKHIUDPHZRUNVHWE\%ROW]PDQQ
LQ  RU E\ 6KDQQRQ  PXFK ODWHU  LQ  HQWURS\ PHDVXUHV WKURXJK SUHFLVH PDWKHPDWLFDO DQG
VWDWLVWLFDO GHILQLWLRQV WKH GHJUHH RI GLVRUGHU LQ DQ\ V\VWHP UHJDUGOHVV RI WKH VSHFLILF FKDUDFWHULVWLFV LW
SUHVHQWV%DLOH\
$VDV\VWHP¶VHQWURS\HTXDOVWKHVXPRIWKHHQWURSLHVRIWKHV\VWHP¶VFRPSRQHQWVLWLVLQIHUUHGWKDW
WKH WUDQVSRUWDWLRQ V\VWHP¶V UHVLOLHQFH VKDOO EH DVVHVVHGRQ WKHEDVLV RI WKH FRPSRQHQWV¶ UHVLOLHQFH7KH
ODWWHUGHSHQGVRQ WKHPXOWLIDFHWHG LPSDFWRI WKH VWUHVVHV IURP WKHH[WHUQDOHQYLURQPHQW WR WKHV\VWHP¶V
FRPSRQHQWVZKLFKLQDSURJUHVVLYHDQGFXPXODWLYHPRGHGHWHULRUDWHVWKHV\VWHPDQGFDXVHVGHILFLHQFLHV
LQWKHV\VWHP¶VHIIHFWLYHIXQFWLRQLQJ7KHHYDOXDWLRQRIWKHV\VWHP¶VUHVLOLHQFHE\WKHPHDVXUHPHQWRILWV
HQWURS\ VKDOO LQGLFDWH WKH QHFHVVDU\ DGMXVWPHQWV WRZDUGV WKH LQFUHDVH RI WKH V\VWHP¶V UHVLOLHQFH 7KH
GHVFULEHGPHWKRGRORJLFDODSSURDFKLVLOOXVWUDWHGLQ)LJXUH
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)LJXUH6FKHPDWLFUHSUHVHQWDWLRQRIWKHPHWKRGRORJ\IRUHYDOXDWLQJUHVLOLHQFHLQDWUDQVSRUWDWLRQV\VWHP
7KHDSSOLFDWLRQRIWKLVPHWKRGRORJLFDODSSURDFKUHTXLUHVWKHV\VWHP¶VGHILQLWLRQDQGDQDO\VLVERWKDW
WKHPLFURDQGWKHPDFUROHYHO)LJXUHLOOXVWUDWHVDVFKHPDWLFDQDO\VLVRIDWUDQVSRUWDWLRQV\VWHPDWWKH
PLFUROHYHO$VVKRZQWKHUHWKHV\VWHPFRPSULVHVWKUHHVHJPHQWVDWKHµSK\VLFDOV\VWHP¶WKDWLQFOXGHV
WKHSK\VLFDOFRPSRQHQWVRIWKHV\VWHPDVGHVFULEHGLQVHFWLRQEWKHµSURYLGLQJVHUYLFH¶WKDWLQFOXGHV
WKHDFWLYLWLHVSHUIRUPHGLQWKHWUDQVSRUWDWLRQV\VWHPDQGFWKHµLQIRUPDWLRQV\VWHP¶WKDWLQFOXGHVDZLGH
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UDQJH RI WHFKQRORJLFDO LQIUDVWUXFWXUH WHOHFRPPXQLFDWLRQV VHQVLQJ WHFKQRORJLHV HPHUJHQF\ YHKLFOH
QRWLILFDWLRQV\VWHPVFROOLVLRQDYRLGDQFHV\VWHPVHWFZKLFKDVVLVWVWKHV\VWHP¶VRSHUDWLRQDQGFRQWURO
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)LJXUH$QDO\VLVRIDWUDQVSRUWDWLRQV\VWHP¶VFRPSRQHQWVDWWKHPLFUROHYHO
$FFRUGLQJO\IRUWKHPDFUROHYHOWKHDQDO\VLVLVIRFXVHGWRWKHV\VWHP¶VH[WHUQDOFRPSRQHQWVDVWKRVH
DUHGHVFULEHGLQVHFWLRQDQGJUDSKLFDOO\LOOXVWUDWHGLQ)LJXUH
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)LJXUH$QDO\VLVRIDWUDQVSRUWDWLRQV\VWHP¶VFRPSRQHQWVDWWKHPDFUROHYHO
7KH GDWD UHTXLUHG WR FROOHFW IRU WKH GHVFULEHG WUDQVSRUWDWLRQ V\VWHP DUH RI GLYHUVH QDWXUH LQFOXGLQJ
DPRQJRWKHUWKHQRGHVDQGWKHOLQNVRIWKHV\VWHPWKHV\VWHP¶VFDSDFLW\VWUXFWXUDOVWUHQJWKVWDELOLW\DQG
UREXVWQHVVXQGHUYDULRXVVWUHVVHV WKHQDWXUHRI WKHVWUHVVHV WR WKHV\VWHP WKHUHVRXUFHVIRU UHVSRQVH WR
WKHVHVWUHVVHVLQWHUPVRIFDSDFLW\ORFDWLRQDQGDFFHVVRIWKHQHDUHVWHPHUJHQF\UHVRXUFHVHWF
7KH TXDQWLILFDWLRQ RI WKH RYHUDOO V\VWHP¶V UHVLOLHQFH WKURXJK WKH LQWHJUDWLRQ RI WKH FRPSRQHQWV¶
UHVLOLHQFHWRDVLQJOHYDOXHLVDWDVNWKDWFDQEHDFKLHYHGWKURXJKWKHXVHRIWKHHQWURS\WKHRU\
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&RQFOXVLRQVDQGIXWXUHZRUN
7UDQVSRUWDWLRQV\VWHPVDUHLQIUDVWUXFWXUHV\VWHPVRIH[WUHPHLPSRUWDQFHIRUWKHSURVSHULW\DQGJURZWK
RIWKHVRFLHWLHV7KLVLVWKHUHDVRQZK\DFHUWDLQPLQLPXPRSHUDWLRQDOOHYHOPXVWEHHQVXUHGLQDQ\FDVH
RIVXGGHQGLVWXUEDQFHVWKDWKDYHYDULRXVDQGDGYHUVHLPSDFWWRWKHV\VWHPVPRUHRYHUDTXLFNUHFRYHU\RI
WKHV\VWHPLV LPSHUDWLYH WRDYRLG ORQJWHUPHIIHFWV5HVLOLHQFHHQJLQHHULQJ LV WKHJHQHUDO IUDPHZRUN LQ
ZKLFKWKHDERYHPHQWLRQHGJRDOVFDQEHSXUVXHGLQDQHIIHFWLYHDQGPRGHUQZD\
$OWKRXJK UHVLOLHQFH HQJLQHHULQJ LV D UDSLGO\ DGYDQFLQJ PHWKRGRORJLFDO DSSURDFK LW KDV QRW EHHQ
DGHTXDWHO\ DSSOLHG WR LQIUDVWUXFWXUH V\VWHPV DQG PRUH SDUWLFXODU WR WUDQVSRUWDWLRQ V\VWHPV0RUHRYHU
HYHQ LQ WKRVHFDVHVRIDSSOLFDWLRQ WKLV LVPRUHRIDTXDOLWDWLYH WKDQDTXDQWLWDWLYHQDWXUH WKDWGRHVQRW
GHILQHLQDQDFFXUDWHDQGSUHFLVHZD\WKHV\VWHP¶VUHVLOLHQFHFDSDFLW\RUUHVLOLHQFHUHVSRQVHVWUDWHJLHV
,Q WKLVSDSHUDJHQHULF±\HWFRPSUHKHQVLYH±GHVFULSWLRQRID WUDQVSRUWDWLRQV\VWHP LVSUHVHQWHG LQ
WHUPVRI LWVFRQVWLWXHQWFRPSRQHQWVZKLFKDUHERWK LQWHUQDODQGH[WHUQDO WR WKHSK\VLFDO LQIUDVWUXFWXUH
7KHQDSURFHVVIRUWKHHYDOXDWLRQRIWKHV\VWHP¶VUHVLOLHQFHWKDWLQYROYHVWKHXVHRIHQWURS\WKHRU\IRUWKH
DVVHVVPHQWLVEULHIO\GHVFULEHG7KHSDSHUSUHVHQWVWKHSUHOLPLQDU\VWHSVRIHVWDEOLVKLQJDQHZDSSURDFK
IRU WUDQVSRUWDWLRQ V\VWHPV UHVLOLHQFH DVVHVVPHQW WKH QH[W VWHSV ZLOO IXUWKHU HODERUDWH WKH SURSRVHG
DSSURDFK DQG LQYROYH LWV DSSOLFDWLRQ WR UHDO FDVH VWXGLHV8SRQ FRPSOHWLRQRI WKLV UHVHDUFK HIIRUW LW LV
H[SHFWHGWKDWDQHZPHWKRGRORJLFDOIUDPHZRUNIRUUHVLOLHQFHHQJLQHHULQJLQWUDQVSRUWDWLRQV\VWHPVZLOO
EH DYDLODEOH DQG FDSDEOH WR FRQWULEXWH WR WKH UREXVWQHVV DQG RSHUDWLRQDO HIILFLHQF\ RI WKLV W\SH RI
LQIUDVWUXFWXUH
5HIHUHQFHV
%DLOH\ . (QWURS\ V\VWHPV WKHRU\ 81(6&2 ± (QF\FORSHGLD RI OLIH V\VWHP ± 6DPSOH FKDSWHUV
$YDLODEOH DW KWWSZZZHROVVQHW6DPSOH&KDSWHUV&(SGI >$FFHVVHG  6HSWHPEHU
@
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7LHUQH\.:DOODFH:$DQGYRQ:LQWHUIHOGW'$)UDPHZRUNWR4XDQWLWDWLYHO\$VVHVVDQG
(QKDQFHWKH6HLVPLF5HVLOLHQFHRI&RPPXQLWLHV(DUWKTXDNH6SHFWUD
&KDQJ6(DQG0LOHV6%7KH'\QDPLFVRI5HFRYHU\$)UDPHZRUNǿQ<2NX\DPDDQG6(
&KDQJǼGV0RGHOLQJ6SDWLDO(FRQRPLF,PSDFWVRI1DWXUDO'LVDVWHUVSS%HUOLQ6SULQJHU
9HUODJ
&R[$3UDJHU)DQG5RVH$7UDQVSRUWDWLRQVHFXULW\DQGWKHUROHRIUHVLOLHQFH$IRXQGDWLRQ
IRURSHUDWLRQDOPHWULFV7UDQVSRUWSROLF\
'HNNHU6+ROOQDJHO(:RRGV'DQG&RRN55HVLOLHQFHHQJLQHHULQJ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PHDVXULQJDQGPDLQWDLQLQJVDIHW\LQFRPSOH[V\VWHPV)LQDOUHSRUW6ZHGHQ/XQG8QLYHUVLW\6FKRRO
RI$YLDWLRQ
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$VVHVVLQJ WKH UHVLOLHQFHRI WUDQVSRUWDWLRQ V\VWHPV LQ FDVHRI ODUJHVFDOHGLVDVWURXV
HYHQWV ,Q 3URFHHGLQJV RI WKH WK,QWHUQDWLRQDO &RQIHUHQFH RQ (QYLURQPHQWDO (QJLQHHULQJ 9LOQLXV
/LWKXDQLDSS
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
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0HOERXUQH,Q3URFHHGLQJVRIWKHUG$XVWUDODVLDQ7UDQVSRUW5HVHDUFK)RUXP&RQIHUHQFH&DQEHUUD
$XVWUDOLD
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